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Overview

e Overal Summary
 Basicdrag polar: Case 2
o Grids, turb. models, codes
 Dragrise. Cases 3-4

e Conclusions
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Drag Prediction Workshop
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e 18 participants, 14 codes
e 28Case 2, 10Case 3, 9Case4

e Gridtypes:
Blk. Str. | Unstructured Overset Cartesian
8 7 2 1
8 turbulence models (3 main types):
Spalart-Allmaras K- K-€ other
14 10 2 2
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Case2: Lift Curve

M= .75, Ry= 3x10

il

ATaxtron Comasy

0.9 ‘
B i { ) ‘ ] AIAA CFD Drag Prediction Workshop
- Linear Curve Fits (-2 < a < 1); AGARD AR-303: DLR-F4 Wing-Body
0.8 I C., (deg-Y) Clo S
- wT 1216 482 M,=0.75, R, = 3x10°
07 - CFD Min .0995 .388
' - CFD Mean .1203 527 Line Grid Type
= CFD Max 1331 637 Block Structured
B —_—— - Unstructured
bpb————————— 11— ——————————— . Overoer
B —_———-— Other
B Color Turb. Model
0.5 - Spalart-Allmaras
CI) i k-w
= k-€
0.4 k-k
B Menter’s SST k-w
- Euler + IBL
0.3 : Symbol Data Source
B O Wind Tunnel
B A-Z,2-3 CFD
0.2
Note: Wind tunnel data use
prescribed BL trip pattern.
0.1F CFD data are fully turbulent
o0 | |
0 Q i i i i ] ] ] i i | I
-4 -3 -2 -1 0 1 2 3

Alpha
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Case 2. Drag Polar

M= .75, Ry= 3x10

g
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0.8
i AIAA CFD Drag Prediction Workshop
i AGARD AR-303: DLR-F4 Wing-Body
0.7 ;
- M,=0.75, R,= 3x10
i Line Grid Type
0.6 Block Structured
| - - - Unstructured
A B SN P - @ St I i B e S Sl Y E S, oVerset
: : _———- Other
0.5 Color Turb. Model
. B Spalart-Allmaras
O B k-w
i 7
04 b~ /';ﬁ/ K-kl
: v Menter's SST k-w
’ /157;//' / Euler + IBL
@y’
[ i AfJ/ i / Symbol Data Source
0.3 S o O Wind Tunnel
B "I Y A-Z,2-3 CFD
B —>| |<— 10 counts
- Note: Wind tunnel data use
0.2 B prescribed BL trip pattern.
B CFD data are fully turbulent
01 i 0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L
0.0200 0.0250 0.0300 0.0350 0.0400 0.0450 0.0500 0.0550
CD
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Case2: Skin Friction Drag ==

M= .75, Ry= 3x10

0.6

0.5

CL

0.4

0.3

= = T

0.2

\

0 counts

0.1

AIAA CFD Drag Prediction Workshop
AGARD AR-303: DLR-F4 Wing-Body

M_=0.75, R, = 3x10°

Symbol

)
A-Z,2-3

Grid Type
Block Structured
Unstructured
Overset
Other

Turb. Model

Spalart-Allmaras
k-

k-

k-kI

Menter's SST k-w
Euler + IBL

Data Source

Wind Tunnel
CFD

Note: Wind tunnel data use
prescribed BL trip pattern.
CFD data are fully turbulent
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Case 2. PressureDrag
M,,= .75, Ry.= 3x10°
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A Taxirom oy

0.8 = =
[ e ‘ﬁ AIAA CFD Drag Prediction Workshop
i /3 AGARD AR-303: DLR-F4 Wing-Body
0.7 > R ]
i = // Moo: 075’ I:2N<:= 3x10
[ % o~ / ' Line Grid Type
0.6 " /R/ Block Structured
| - - - Unstructured
I R A i R .~ .« [ 7l i e S S E Y oVerset
i : : ——— Other
0.5 Color Turb. Model
i Spalart-Allmaras
d i _ k-w
| k-g
_— k-kl
04 i /7 P Menter's SST k-
- 7 {8 Euler + IBL
B Y A Symbol Data Source
0.3 O Wind Tunnel
B A-Z,2-3 CFD
B / ——>| |<—— 10 counts
- Note: Wind tunnel data use
02T J prescribed BL trip pattern.
B '/j/ [ CFD data are fully turbulent
0 1 i L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
~0.0050 0.0100 0.0150 0.0200 0.0250 0.0300 0.0350 0.0400 0.0450
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Case 2: ldealized Profile Drag=

M= .75, Ry= 3x10

(1) AIAA CFD Drag Prediction Workshop
AGARD AR-303: DLR-F4 Wing-Body

0.7

- g M_=0.75, R, = 3x10°

/ Line Grid Type

Block Structured
—_—_ = Unstructured
........................ Overset
—_——— Other

0.6

A S

\\\\n

0.5

Color Turb. Model

Spalart-Allmaras
—_— k-

k-
_— k-kI
— Menter's SST k-w
Euler + IBL

CL

0.4

Symbol Data Source

O Wind Tunnel
A-Z, 2-3 CFD

0.3

' ——>| |<—— 10 counts
Note: Wind tunnel data use

prescribed BL trip pattern.
t CFD data are fully turbulent

0.2

L L L L L L L
0.0250 0.0300 0.0350 0.0400

CDP = CD - CL?*/(TTAR)

June 9-10 AlAA CFD Drag Prediction Workshop Anaheim, CA 8



Applied Aerodynamics TC
Drag Prediction Workshop

Case2: Induced Drag Factor ***
M= .75, Ry= 3x108

0.5 | | =

Curve Fits (0 < C,2 < .36): = © AIAA CFD Drag Prediction Workshop
dC,/dC, 2 M-C AGARD AR-303: DLR-F4 Wing-Body

JAIAA. —f

m

(0]
WT .04031 Q A
04 | | CFD Min .03568 . @;
' CFD Mean .04035 )
CFD Max .07297 oQ D Line Grid Type
P / A Block Structured

g / —_—_— Unstructured
I E/ ' K | o e Overset
/ 7.8

—_————— Other
0.3
| 7 Color Turb. Model

Spalart-Allmaras
— k-w
k-
E e k-kl
0.2 EZ Vi K —_— Menter's SST k-w
’ 7 Euler + IBL

. M_=0.75, R = 3x10°

2
CL
T 1
AN

AN
\\

N

L [ SRR SO SO : [ Symbol Data Source
5/ O Wind Tunnel

A-Z, 2-3 CFD
7
0.1 : L
i 4 /
| 7 /ﬁ!
0 I ' \ ) | | | |

L L
0.0200 0.0250 0.0300

Note: Wind tunnel data use
—| |=+=— 10 counts prescribed BL trip pattern.

CFD data are fully turbulent

I L L L
0.0350 0.0400

CD

L L L L L
0.0450 0.0500 0.0550
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Case2: PitchingMoment ***

-0.100 ' S
, , - ‘ / , | AIAA CFD Drag Prediction Workshop
8 | AGARD AR-303; DLR-F4 Wing-Body
‘ ‘ —t— ‘ e

M_=0.75, R, = 3x10°

\

-0.120 /a o]

/ Line Grid Type

/K(’}/ o O o OZAU () O o g o y/ _— Block Structured
/I/O ° /6/(" - = = Unstructured
] 00 O o} : : : b o o o P : Mo — Overset
7
/ s

-0.140 o o © 9 o —_— Other

Color Turb. Model
P

Spalart-Allmaras

2 k-
o B ; ; k-g
= - / _— k-kI
- L 4 e Menter's SST k-w
0.160 [ A Euler + IBL
IR B C - S - e ey g T /
| T e e - : L~ Zz : /- ; Symbol Data Source
B - — = 3 7z ) Wind Tunnel
: ’ G- — — -_‘—_ i S e R —Z ; /E/ P -~ A-Z,2-3 CFD
B : = = = : ; ; ; - ~
-0.180 F s B
B I Ty I s Note: Wind tunnel data use
B e T =T prescribed BL trip pattern.
- e = = = + = — CFD data are fully turbulent
_0200 1 L L L L L L L L L L L L L
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
CL
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Trendsby Grid Type

M.,

Multiblock Structured

0.0400
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= 10 counts € lo ®
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r m / o WT Data: Agard 303
0.5 ENSOLV, blk Str, Wilcox kw H
1 r —B— Falcon, BIk Str, k-ki, wall func
[ —6— CFL3D, blkstr, SA
©] N ——H— CFL3D, blkstr, SA, fine
———— CFL3D, blk str, Menter SST kw L
——3—— CFL3D, blk str, Menter SSTkw, fine
& ——#—— FANSC, blk str, SA
——P—— CFL3D, blk str, Menter's SST kw
——R— FLOWer, blk str, LEA kw
——S— FLOWer, blk str, Wilcox kw n
——F—— FLOWer, blk str, Wilcox kw, refined
——&—— CFL3D, blk str, EASM kw
———— CFL3D, blk str, Menter SST kw
CFL3D, blk str, SA la #1 H
——¥—— SAUNA, blk str, kw
X s 1)
0 025 0 0.0350
DP=CD - CLKnAR)
0.8
L B [
g ,Qs”@L a8 %o
0.7 | M_@,,m%ﬁ
F a8
N @.m
0.6 o @
I @
L o 7
[ Qg E}? O  WTData: Agard 303
0.5 @ B OVERFLOW, overset, Central, SA [
1 I Q&OO; ~~~~~~~ Do OVERFLOW, overset, SA
O I e ‘
0.4 Q¢
r i
L GD% i —->| |<— 10 counts
o o8 i
03} 2
- @ @
02f %
o8
cb]o L ol ! | |
‘0150 0.0200 0 0250 0.0350
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O WTData: Agard 303
CFD++, unstr, wall func, ke

— £ — Cobalt60, unstr-hex, SA

— F — Cobalt60, unstr-tet, SA

— 4 — NSU3D, unstr, SA

— M — NSU3D, unstr, SA, 3M

— & — NSU3D, unstr, SA

— © — NSU3D, unstr, SA, 13.1M

— © — USMB3D, unstr, SA, wall func
Fluents, unstr, ke

— # — Tau,unstr, SA

]
83—
=

94@

—->| |<— 10 counts

0.0350

-
0.0400

0.0200 0.0250
DP = CD - CLUMTAR)
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i o 2 o3 ©°o @
. 8
L o 00@
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°°é3%

O WrTData: Agard 303
MGAERO, otl
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|
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8 ¢38
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0 oo
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0.020

0

0 0250
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0.0350

-
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Trends by Turbulence Model ===

= .75, Ry = 3x108

Spalart- AIImaras Wilcox k-w

08 0.8
r @ r l— @ o @
L L @
u o Q/ -2
07 F 0.7F %
0.6 s 0.6 | o M
4 y / e ¥ @gf/ /
0.5 B /,’!-,“ f S g’JED;éio,\:/g,aor\?;g;, Central, SA —| 0.5 B @- b ‘QINTS%T@, Qﬁ’asrﬁ,ﬁmx w —
| I m i — £ — Cobalt60, unstr-hex, SA | I ——5—— FLOWer, blk str, Wilcox kw
r %o, | — £ — Cobalt60, unstr-tet, SA I ——F—— FLOWer, blk str, Wilcox kw, refined
(@] I i —&— CFL3D, blk str, SA ©] r
3 —— Ik str, SA, fin
04F 80| | — (F::V\:I:;%,tlkssltrv,ss,: ¢ [ 0.4 Q>
: b o, ; o
5 bl — N — NSUSD, unstr, SA' 5 o
03 N T — © — NSUS3D, unstr, SA, 13.1M — 0.3 I Q)
® -9 - , unstr, SA, wall fun 4
r & |l | |<—— 10 counts —g— gSESDD,bIk?tr,zi \a:u ¢ r Ay | | 10 counts
[ 3 — 2 — Tau, unstr, SA B % [
0.2 5 5 :é e OVERFLOW, overset, SA | 0.2 ——% }r Sg
g °o l l \ i °ooo/ ,
cb.]0150 0.0200 0 0250 0.0350 0.0400 %.]0150 0.0200 0 0250 0.0350 0.0400
CDP =CD - CL /(T[AR) CDP =CD - CL /(T[AR)
os Menter’'s SST k-w .5 Other k-w, k-g, k-kl, Euler+IBL
8 81 ;
r 0% °o @ H M o5 @
0.7 M 0.7F = [
5 pr : &=
B - (©)
a o @
0.6 . y 0.6 . °® /
05F e Q Z\gg;‘,abuf sgt:r?\/l:;?\?erSSTkw H 05F @® ° !’FTDD*fil,aun,:lgr,arv?jlnfinc, ke [——
1 I [} ——3—— CFL3D, blk str, Menter SST kw, fine 1 I o —B— Falcon, Blk Str, k-kl, wall func
N 0 ——P—— CFL3D, blk str, Menter's SST kw N 0 ——f—— FLOWer, blk str, LEA kw
O N / ———— CFL3D, blk str, Menter SST kw (@] I // / ——5—— CFL3D, blk str, EASM kw
Fluents, unstr, ke

—¥—— SAUNA, blk str, kw

MGAERO, other, Euler+IBL

2
0.2 0.2 s 1/) u‘ I I 10 counts
R T S

o150 60200 0.0250 00350 0.0400 Ybiso 60200 " 6.0%50 " 0.0350 6:0400
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R
0.4 é% 0.4
0.3 N 0.3
@
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[rends by Code e

M= .75, Ry= 3x10°

CFL3D NSU3D

08 0.8
- @® - /"§>.S—¢::.°§m °o0 @
0.7 F 07k _ ~ oo
i T 0B ®
s s ! @
0.6 0.6f & o
r N ¥ d
I O WTData: Agard 303 I %@ O WTData: Agard 303
05 @ CFL3D, blk str, SA H 0.5 @ @ — £ — NSU3D, unstr, SA —
3 f ; e, 2 f ] SE .
O r ——3—— CFL3D, blk str, Menter SST kw, fine O r ! — © — NSU3D, unstr, SA, 13.1M
. ——P—— CFL3D, blkstr, Menter's SSTkw || 0.4 i
oK ———— CFL3D, blk str, EASM kw/ N |
———— CFL3D, blk str, Menter SST kw I Gbﬁ
——W—— CFL3D, blk str, SA la #1 o I
1 oRL,
0.3F i
I I 10 counts r @R | I I 10 counts
- |
0.2 !
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0 025 0.0350 0.0400 c&).]0150 0.0200 0 0250 0.0350 0.0400
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i So 8 /‘/ S @w’@%}
0.6 F oo 0.6 b+~ o g
i o® 4 0@
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1 N ——5— FLOWer, blk str, Wilcox kw 1 N i - €= Cgb:ll&ﬂ,:::l::h:x, SA
O k go / % ——F—— FLOWer, blk str, Wilcox kw, refined O k %oé; 4; ...... gvv;;tggbwv;vte:;eslé%
0.4 F = 0.4 | -
- o - % |
N | |
03 R T 0.3} °~§°° ; -
L @ @ - @ ®
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0.2 ’—q% ] 0.2 ——%}
F 0% i CR
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Cases 3-4. Drag Rise Plot

Ry= 3x10°

C,_=0.30

C_=0.40

June 9-10
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I ——
0.032 o.oszg
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Conclusions

o Comparison with experiment pretty good.
 Minimum drag generally higher than expmt.
 Induced drag generally lower than expmt.

* High Mach/a too low (separation).

* No grid type had clear advantage.

e Turbulence model effects.
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Recommendations

e Look at more complex configurations
(juncture drag).

e Visualization, (weak) feature detection.

« 3D laminar/turbulent transition prediction.
 |Induced drag and separation.

e Extrapolation to flight.

 High lift, hinge moments.
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